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Production and hosting byAbstract Geochemical subsoil data obtained from China and European laboratories have been
compared in this study. 787 C horizon subsoil samples from FOREGS (Forum of European Geological
Surveys) geochemical baselines mapping project were sent to China’s IGGE (Institute of Geophysical
and Geochemical Exploration) laboratory and composited to 190 samples according to the
160 km  160 km GNT (Global Terrestrial Network) cells. In addition to the FOREGS elemental analysis
package, Au, Pt, Pd, B, Ge, Br, Cl, Se, N, Li and F were also analyzed by using the IGGE’s 76 element
analytical scheme. Geochemical data statistics, scatter plotting, and geochemical map compilation tech-
niques have been employed to investigate differences between FOREGS and IGGE analytical results.
The results of two datasets, the IGGE’s analysis data for composited samples, and the FOREGS
average data of samples in each GNT cell, agree extremely well for about 23 elements, viz: SiO2, Sr,
Al2O3, Zr, Ba, Fe2O3, Ti, Rb, Mn, Gd, CaO, Ga, MgO, P, Pb, Na2O, Y, Th, As, U Sc, Cr, and Co. There
are slight differences between-laboratory biases shown as proportional errors between the datasets for Ni,
K2O, Tb, Tl, Cu, S, Sm, La, Ce, Pr, Nd, Eu, Ho, Er, Tm, Yb, Lu, Ta, Nb, Hf, and Dy. For Cd, Cs, Be, Sb,
In, Mo, I, Sn, and Te, the correlation of the two datasets and the similarity of the geochemical maps are
fairly good, but obvious biases exist between the two datasets at values near detection limits.n (W. Yao).
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W. Yao et al. / Geoscience Frontiers 2(2) (2011) 247e259248Sensitivities of FOREGS analytical methods for W, Bi, Sn, Te, Be, and I are insufficient to produce
reportable values in at least 80% of the samples. Although the detection limits of Ag for both FOREGS
and IGGE are sufficient to provide reportable values, a large bias was found between the two datasets.
This study demonstrates that consistent analytical data for certain elements of global geochemical
mapping samples can be achieved by different qualified laboratories, such as China’s IGGE laboratory
and some European laboratories. For some elements, such as Ag, further research on the selection of the
proper analytical methods and on the development of quality control methods should be undertakendwith
final recommendations adhered to by all participants of the global geochemical mapping program.
ª 2011, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Geochemists have a fascinating desire tomap the entire surface of the
earthwith all elements in the Periodic Table (Darnley et al., 1995;Xie
et al., 1997; Wang et al., 2006). A prerequisite for implementation of
Global Geochemical mapping is that sampling and multi-element
analyses should be standardized and be comparable globally. Prog-
ress in geochemicalmapping since it began in the 1950s has been due
principally to the development of new and improved analytical
techniques, providing better sensitivities formore elements, andmore
accurate and more rapid analysis (Darnley et al., 1995; Xie, 1995).
Samples that are designated to form part of the Global Geochemical
Baselines Mapping Project, therefore, justify the greatest care and
attention. Analysis data must be consistent and comparable (Xie,
1990, 1995; Darnley et al., 1995; Xie et al., 1997; Wang et al.,
2006; Xie et al., 2008; Xie and Yao, 2010).
The basic requirements for the analytical scheme of the Global
Geochemical Mapping Program have been discussed by Darnley
et al. (1995) and Xie (1990, 1995). These authors have
concluded that:
1) All elements in the Periodic Table should be determined,
except H, O, Tc, Po, At, Fr, Ac, Pa and inert gases.
2) Analytical methods should be employed that have a limit of
detection significantly below the anticipated abundance of
each element in the sample media.
3) Analytical precision and accuracy must be consistently high
to ensure that a Global Geochemical Map can be completed in
different stages.
Over the last twenty years, great efforts have been made by
Chinese and European geochemists for the development of a stan-
dard methodology, especially with respect to the analytical aspects
of the Global Geochemical Mapping Program. In China, since the
1978 implementation of the Regional Geochemistry-National
Reconnaissance (RGNR) project, the development of a cost effec-
tive, low detection limit, multi-element andmulti-method analytical
scheme has been the key issue of regional, national and global
geochemical mapping projects (Xie, 1995; Xie et al., 1997; Wang,
2005; Wang et al., 2009). In the ongoing 76 Elements Geochemical
Mapping projects, an analytical scheme for the determination of
those elements in stream sediments has been successfully developed
(Xie et al., 2008; Cheng et al., 2009; Cheng and Xie, 2009). A new
data quality monitoring system has also been established to control
inter- and intra-lab biases to ensure that the data can be comparable
globally (Xie et al., 2002, 2008).
In Europe, the FOREGS (Forum of European Geological
Surveys) Geochemical Baseline Mapping Program wasoriginally planned as the European contribution to the global
geochemical data, and also as a practical example of how to
carry out such an international survey (Salminen, 2005). The
program was ratified in 1996, by the Forum of Directors of
Geological Surveys for 26 European countries and was based on
the Western Europe Geochemical Mapping Programs. Its main
objectives were to provide a basis for formulating policies and
legislation concerning the management of harmful elements and
their corresponding safety levels (Salminen, 2005). The project
also emphasized that analytical data should be reproducible in
various laboratories throughout the world. Consequently,
sophisticated instrumental methods have been utilized in the
project to meet the stringent requirements regarding sensitivity
and element coverage.
A great advance in the application of multi-element analysis in
geochemical mapping is the lowering of detection limits for sub-
trace elements by both FOREGS’ and China’s research activities
(Xie et al., 2008). As more analytical datasets become available in
the Global Geochemical Baselines Mapping program, there is
increasing need to compare and evaluate them. In this paper, sub-
soil geochemical data obtained from China’s IGGE (Institute of
Geochemical and Geophysical Exploration) and European labo-
ratories for the FOREGS Geochemical Baselines Mapping
samples are compared. The European laboratories dataset was
obtained from the FOREGS website, courtesy of the Association
of the Geological Surveys of the European Union. One hundred
and ninety composite subsoil samples were prepared from 787
subsoil materials of the FOREGS project. In addition to the
elemental analysis package of FOREGS, Au, Pt, Pd, B, Ge, Se, N,
Li, and F were also analyzed by using the IGGE 76 element
analytical scheme. The study demonstrates that comparable
analytical data of certain elements for the Global Geochemical
Mapping samples is achievable by the different laboratories and in
different mapping stages. However, for all elements, further
research is needed on the recommendation principles of analytical
method selection and quality control method development.2. Methods
2.1. Sampling and sample treatment
Details of the sampling and sample treatment of the FOREGS
project are described in Sandstr€om et al. (2005). The FOREGS
sampling grid (Salminen et al., 1998; Tarvainen et al., 2005) is
based on Global Terrestrial Network (GNT) grid cells developed
for the purpose of Global Geochemical Baselines Mapping
(Darnley et al., 1995). Subsoil samples are collected from a 25 cm
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horizon).
The comparison of analytical methods should be a measure of
the deviation between replicate determinations on splits of the
same samples (Thompson and Howarth, 1976). However, the
samples obtained from the FOREGS project following its analysis
campaign were not enough for the determination of 71 elements
using IGGE analytical methods. Therefore, composite samples
from each GNT cell were prepared and analyzed for 71 elements
by IGGE laboratories. The IGGE analytical results were then
compared with the FOREGS average data from each GNT cell.
The center point of each GNT cell is treated as the virtual location
of the corresponding composite sample (Fig. 1). Based on this
method, 190 composite samples were prepared from 787
FOREGS subsoil samples.
2.2. Analytical methods
The analytical methods used in IGGE and FOREGS laboratories
are listed in Table 1. Detection limits are quoted from the analysis
report of the research samples.
2.2.1. FOREGS analytical methods
Details of the analytical method for the FOREGS project are
described in Sandstr€om et al. (2005). Nine European laboratories
were involved in the FOREGS Project. In order to ensure data
homogeneity and to avoid any bias between laboratories or
analytical methods, each laboratory was nominated to take
responsibility for carrying out analysis by a particular analytical
technique on all samples of a certain type. Five techniques,Figure 1 GNT cells in FOREGS countries, soil sampling sites and
virtual locations of composite samples.WD-XRF, ICP-MS, TOC, Hg analyzer and AR/ICP-AES, were
applied for analyses of the subsoil samples.
 WD-XRF: 1.0 g of soil sample was mixed with 5.0 g lithium
metaborate and 25 mg lithium bromide, and fused at
1200 C for 20 min. The fused bead was analyzed by
wavelength dispersive X-ray fluorescence spectrometry
(WD-XRFS). Calibration was made using 130 certified
reference materials and a correction applied to correct for
matrix interferences.
 ICP-MS: 0.2 g of the soil sample was weighed into a Teflon
dish and organic material totally decomposed by evaporating
the sample to dryness with 5 mL of 65% nitric acid, followed
by the addition of 10 mL of 40% hydrofluoric and 4 mL of
70% perchloric acid and evaporated on a hot plate. The
residue was dissolved in 20 mL of 8 mol/L nitric acid and
1 mL of 30% hydrogen peroxide before filtration. The filtrate
was retained and the filter paper ashed in a platinum crucible.
The residue was fused with 0.2 g of lithium metaborate and
0.02 g of sodium perborate followed by dissolution in 5 mL of
0.8 mol/L nitric acid. The solutions were combined and made
up to 100 mL in 1.8 mol/L nitric acid. Measurement of these
digestions was carried out using a Perkin Elmer Sciex Elan
5000 inductively coupled plasma-mass spectrometer. A
simple cold dissolution method was applied for selected
elements, e.g. As, Cd, Cs Cu, Mo, Ni, Pb and Sn. The
FOREGS subsoil sulfur data used in this paper was obtained
by the aqua regia leachable method.
 TOC: After removal of the carbonate phase by hydrochloric
acid, soil samples were analyzed using a LECO SC-DR 144
instrument coupled to a Mettler AT 400 analytical balance for
the determination of total organic carbon content.
 Hg analyzer: Analysis of mercury was made on solid samples
without any sample preparation using a cold vapor atomic
absorption technique. Mercury is liberated from soil samples
at 850 C and amalgamated with gold to concentrate the
determined amount. Mercury vapor was then released from
the amalgam by heating and the amount measured using
atomic absorption spectrometry.2.2.2. Method used in IGGE
Seven techniques including XRF, ICP-MS, ICP-AES, AFS, AES,
VOL and COL were applied in IGGE methods for the determi-
nation of 71 elements in composite samples (Zheng et al., 2005;
Yao et al., 2006, 2009; Zhang, 2006).
 XRF: 4.0 g of sample were pelletized and determined by
wavelength dispersive X-ray fluorescence spectrometry. GSS
and GSD serial reference materials were used for calibration.
 ICP-MS:
(1) 0.25 g of sample was dissolved by evaporating to dryness
with a mixed acid of HF þ HNO3 þ HClO4 þ aqua regia.
The residue was dissolved in 25 mL 5% aqua regia
solution. The 1 mL up-layer clear solution was pipetted
and diluted to 10 mL with 2% HNO3. Measurement was
carried out using a VG Elemental ICP-MS for Bi, Cd, Co,
Cs, Hf, In, Mo, Sc, Ta, Th, U and W.
(2) Except for changing the acid mixture to
HF þ HNO3 þ H2SO4 þ aqua regia, the same procedure
as procedure (1) was applied for the determination of all
rare earth elements.
Table 1 Analytical methods used in IGGE and FOREGS laboratories.
Element IGGE FOREGS Element IGGE FOREGS
Method DL(ppm) Method DL(ppm) Method DL(ppm) Method DL(ppm)
Ag ES 0.02a ICP-MS 0.01 Tb ICP-MS 0.1 ICP-MS 0.02
B ES 2 Te ICP-MS 0.01 ICP-MS 0.02
Sn ES 1 XRF 2 Th ICP-MS 1 ICP-MS 0.1
As AFS 1 ICP-MS 0.2 Tl ICP-MS 0.1 ICP-MS 0.01
Ge AFS 0.1 Tm ICP-MS 0.1 ICP-MS 0.02
Hg AFS 2a Hg Analyzer 0.1a U ICP-MS 0.2 ICP-MS 0.1
Sb AFS 0.05 ICP-MS 0.02 W ICP-MS 0.3 XRF 5
Se AFS 0.01 Y ICP-MS 1 XRF 3
TC CIB-VOL 0.1b TOC 0.01b Yb ICP-MS 0.1 ICP-MS 0.05
N COB-VOL 20 Ba XRF 5 XRF 5
I COL 0.5 ICP-MS 2 Br XRF 1
Be ICP-AES 0.5 ICP-MS 2 Cl XRF 20
Li ICP-AES 1 Cu XRF 1 ICP-MS 0.01
MgO ICP-AES 0.05b XRF 0.01b Ga XRF 1 ICP-MS 0.2
Na2O ICP-AES 0.05
b XRF 0.01b Nb XRF 2 ICP-MS 0.1
Bi ICP-MS 0.05 ICP-MS 0.5 Ni XRF 2 ICP-MS 2
Cd ICP-MS 30a ICP-MS 10a Pb XRF 2 ICP-MS 3
Ce ICP-MS 1 ICP-MS 0.15 S XRF 50 ICP-MS
Co ICP-MS 1 ICP-MS 3 V XRF 5 XRF 0.5
Cs ICP-MS 1 ICP-MS 0.5 Cr XRF 5 XRF 3
Dy ICP-MS 0.1 ICP-MS 0.1 Mn XRF 10 XRF 0.001(MnO)b
Er ICP-MS 0.1 ICP-MS 0.1 P XRF 10 XRF 0.001(P2O5)
b
Eu ICP-MS 0.1 ICP-MS 0.05 Rb XRF 5 XRF 2
F ICP-MS 100 Sr XRF 5 XRF 2
Gd ICP-MS 0.1 ICP-MS 0.1 Ti XRF 10 XRF 0.001(TiO2)
Hf ICP-MS 0.2 ICP-MS 0.2 Zn XRF 2 XRF 3
Ho ICP-MS 0.1 ICP-MS 0.02 Zr XRF 2 XRF 3
In ICP-MS 0.02 ICP-MS 0.01 Fe2O3 XRF 0.1
b XRF 0.01b
La ICP-MS 1 ICP-MS 0.1 Al2O3 XRF 0.1
b XRF 0.05b
Lu ICP-MS 0.1 ICP-MS 0.02 CaO XRF 0.05b XRF 0.01b
Mo ICP-MS 0.3 ICP-MS 0.1 SiO2 XRF 0.1
b XRF 0.1b
Nd ICP-MS 0.1 ICP-MS 0.15 K2O XRF 0.05
b XRF 0.01b
Pr ICP-MS 0.1 ICP-MS 0.1 Au GF-AAS 0.05a
Sc ICP-MS 1 ICP-MS 0.5 Pt ICP-MS 0.2a
Sm ICP-MS 0.1 ICP-MS 0.1 Pd ICP-MS 0.2a
Ta ICP-MS 0.1 ICP-MS 0.05
a unit in ppb.
b unit in %.
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pipetted and diluted to 5 mL with 3.5% CH3COOH for
determination of Te.
(4) A 10 g sample was roasted at 650 C and decomposed
with hydrochloric acid/hydrogen peroxide. Pt and Pd in
the solution was pre-concentrated using adsorbent mate-
rials composed of active charcoal and anion resin. The
adsorbent materials were washed sequentially with 2%
ammonium bifluoride, 5% hydrochloric acid and distilled
water, and subsequently ashed in a muffle furnace at
650 C. The total residue of ca. 0.25 mg was dissolved
with 2 mL fresh aqua regia, diluted to 5 mL using 10%
hydrochloric solution, and Pt and Pd determined using
ICP-MS (Yao et al., 2009).
 ICP-AES: 0.25 g of sample was dissolved by evaporating to
dryness with a mixed acid of HF þ HNO3 þ HClO4 þ aqua
regia. The residue was dissolved in 25 mL 3% aqua regiasolution. Measurement of the digestions was carried out using
ICP-AES for Be, Li, MgO and Na2O.
 AFS:
(1) 0.5 g of sample was dissolved in aqua regia (1 þ 1), added
with a mixed solution of 1% thiourea-ascorbic acid as
a reductant, and As and Sb determined by HG-AFS with
2 mL KBH4 solution used for hydride generation.
(2) 0.25 g of sample was dissolved in mixed acid of
HF þ HNO3 þ HClO4, with addition of 25 mL 30% HCl
containing 100 mg Fe3þ. Measurement of Se in the
digestions was made using AFS with 2 mL KBH4 solution
for hydride generation.
(3) 0.25 g of sample was dissolved in a mixed acid of
HF þ HNO3 þ H2SO4, with addition of 25 mL 10%
H3PO4. Measurement of Ge in the digestions was carried
using AFS with 2 mL KBH4 solution for hydride
generation.
Table 2 Comparison of statistics of geochemical data obtained from IGGE and FORGES.
Element Average (ppm) Median (ppm) SD PR (%) Cor. CVAVR (%)
IGGE FOREGS IGGE FOREGS IGGE FOREGS IGGE FOREGS
SiO2 63.3
b 64.0b 65.5b 65.6b 14.0 13.9 100 100 0.98 3.46
Sr 156 152 122 118 119 119 100 100 0.99 4.33
Al2O3 11.2
b 11.3b 11.6b 11.8b 3.56 3.81 100 100 0.99 5.28
Zr 235 228 229 225 82.2 79.2 100 100 0.98 5.61
Ba 430 410 413 392 167 161 100 100 0.99 5.87
Fe2O3 4.30
b 4.12b 4.36b 4.18b 1.69 1.64 99 100 0.99 6.31
Ti 3491 3531 3430 3483 1289 1379 100 100 0.98 6.53
Rb 92.9 89.1 89.1 87.2 39.3 36.3 100 100 0.99 6.60
Mn 586 578 518 516 341 331 100 100 0.99 6.81
Gd 4.33 4.55 4.34 4.53 1.54 1.64 100 100 0.97 7.00
CaO 5.21b 5.11b 2.02b 2.01b 7.21 7.02 100 100 0.99 7.37
K2O 2.32
b 2.13b 2.33b 2.08b 0.75 0.75 100 100 0.99 8.26
Ga 14.5 13.9 15.0 14.3 5.37 5.00 99 100 0.95 8.34
MgO 1.54b 1.46b 1.30b 1.23b 1.23 1.20 99 100 0.98 8.56
Tb 0.74 0.68 0.76 0.68 0.26 0.24 99 100 0.97 8.62
Ce 61.8 57.0 61.2 55.1 24.8 22.6 100 100 0.98 8.84
Ni 41.1 38.9 25.9 24.0 75.3 68.7 100 99 1.00 9.18
P 562 520 501 458 338 303 100 100 0.98 9.44
Na2O 1.28
b 1.26b 0.90b 0.89b 1.01 0.97 100 100 0.99 9.46
La 30.5 27.8 30.6 26.9 12.3 11.4 100 100 0.98 9.80
Sm 5.16 4.67 5.05 4.56 1.94 1.75 100 100 0.98 9.82
Y 22.9 24.2 23.0 24.3 7.81 8.39 100 99 0.95 9.91
Yb 2.37 2.17 2.35 2.16 0.77 0.71 100 100 0.95 10.21
Nd 27.0 24.3 26.2 23.6 10.6 9.51 100 100 0.98 10.25
Pb 24.2 22.8 19.4 18.3 32.3 24.3 100 99 0.97 10.31
Pr 7.25 6.52 7.09 6.27 2.90 2.59 100 100 0.98 10.36
Ho 0.83 0.75 0.84 0.77 0.27 0.26 99 100 0.97 10.52
U 2.41 2.43 2.09 2.17 1.48 1.52 100 100 0.94 10.92
Cr 80.7 86.6 63.5 67.8 91.8 97.6 99 100 0.99 10.93
Co 11.8 11.2 11.2 10.5 7.25 6.85 99 87 0.97 11.73
Th 9.00 8.77 8.51 8.11 4.55 4.44 99 100 0.93 12.00
Eu 1.09 0.93 1.06 0.90 0.40 0.36 99 99 0.98 12.13
Hf 6.23 5.55 5.96 5.45 2.18 1.88 100 100 0.87 12.14
Dy 4.36 3.79 4.44 3.77 1.45 1.29 100 100 0.97 12.26
Er 2.53 2.20 2.53 2.22 0.83 0.73 100 100 0.97 12.38
V 75.6 71.1 77.2 71.9 28.0 32.8 99 100 0.96 12.64
Tm 0.38 0.33 0.37 0.33 0.12 0.11 99 100 0.95 12.76
Zn 66.0 60.5 58.3 53.6 65.4 64.3 100 95 1.00 12.91
Sc 9.66 10.0 9.50 10.00 4.26 4.25 99 99 0.86 13.97
As 10.5 11.2 7.28 7.35 13.3 14.1 96 99 0.97 14.00
In 0.052 0.051 0.052 0.050 0.021 0.023 94 89 0.90 14.21
Cu 19.9 18.1 18.1 16.0 11.4 12.2 100 99 0.88 15.59
Mo 0.78 0.88 0.59 0.68 0.60 0.73 89 98 0.95 15.78
Cd 198a 210a 111a 100a 448 500 94 95 0.96 16.49
Lu 0.39 0.32 0.38 0.31 0.12 0.10 99 99 0.94 17.20
Ta 0.94 0.75 0.88 0.71 0.45 0.35 99 99 0.95 18.30
Be 2.05 1.89 1.86 1.57 1.06 1.09 99 38 0.91 19.08
Tl 0.65 0.84 0.57 0.71 0.45 0.55 99 99 0.94 19.16
Nb 13.2 10.5 13.0 10.0 4.94 4.76 100 100 0.96 20.20
S 411 292 169 142 1345 925 95 81 1.00 24.22
Cs 5.75 5.91 4.31 4.52 5.11 5.32 94 92 0.92 25.55
Sb 0.61 0.86 0.42 0.59 0.77 1.05 100 99 0.98 25.91
Te 0.034 0.05 0.031 0.04 0.022 0.05 97 56 0.52 26.90
Sn 3.13 4.01 2.28 3.00 3.32 4.46 92 54 0.81 30.61
I 3.79 5.47 2.78 3.85 3.20 5.46 97 66 0.91 35.35
Hg 74.2a 38.0a 41.0a 28.0a 345.12 54.0 100 100 0.74 42.09
(continued on next page)
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Table 2 (continued )
Element Average (ppm) Median (ppm) SD PR (%) Cor. CVAVR (%)
IGGE FOREGS IGGE FOREGS IGGE FOREGS IGGE FOREGS
Bi 0.23 0.40 0.18 0.25 0.20 0.31 97 20 0.91 50.34
W 1.24 2.64 1.03 2.50 0.93 0.48 96 3 0.56 67.85
Ag 80.2 290 63.0 270 69.0 150 95 99 0.39 83.50
TC 1.92 1.15 2.10 97
TOC 0.96 0.53 1.55 95
Au 1.61a 1.28a 1.34 100
B 42.7 37.8 38.1 100
Br 8.71 5.35 11.6 98
Cl 99.0 75.1 79.8 100
F 464 422 254 98
Ge 1.19 1.20 0.30 100
Li 35.0 29.8 25.5 100
N 928 585 1319 100
Se 0.22 0.19 0.14 100
Pt 0.53a 0.35a 0.54 81
Pd 0.57a 0.44a 0.52 92
SD: Standard deviation; PR: Percent of reportable values; Cor.: Correlation coefficient; CVAVR(%): Average coefficient of variation.
a unit in ppb.
b unit in %.
W. Yao et al. / Geoscience Frontiers 2(2) (2011) 247e259252(4) 0.5 g of sample was dissolved in aqua regia
(1 þ 1) þ potassium dichromate solution as an oxidant
and protective agent. Mercury in the solution was deter-
mined by cold mercury vapor generation HG-AFS with
stannous chloride solution as a reductant.
 AAS: 10 g of sample was roasted at 650 C for 2 h and decom-
posed in aqua regia. 100 mg Fe3þ was added to the 100 mL
solution in a 5% aqua regia medium. Gold in the solution was
absorbed by polyurethane foam and desorbedwith 1.2% thiourea
solution. The amount of Au was determined by GF-AAS.
 ES: 100 mg of sample was homogeneously mixed with 100 mg
buffer by grinding for 5 min. The mixed powder was placed in
a carbon electrode andAg,B, and Sn determinedwith an emission
spectrometer (ES) and coupled with a photo plate photometer.
 CT-COL: 0.5 g of sample was sintered with Echika flux at
700 C for 50 min. After cooling, the sinter was dissolved in
50 mL of deionized water. The 20 mL up-layer clear solution
was pipetted into a 25 mL beaker. Naþ and other cations were
separated from the solution by adding 8 g 732 resins for ion
exchanging in a static state for 30 min. The solution
composition was determined with a spectrophotometer
utilizing the Fe3þeCNSeNO2 system.
 ISE: 0.5 g of sample was decomposed by sintering with
NaOH in a Ni crucible at 400 C. After cooling, the sinter was
dissolved in 50 mL of deionized water. The 10 mL up-layer
clear solution was pipetted, citric acid added and F deter-
mined with an ion selection electrode (ISE).
2.3. Analysis data treatment
For comparison, the average of element values in samples from
every GNT cell (regarded as the FOREGS dataset of composite
samples), were calculated using the FOREGS analysis data from
its project website.
Statistical parameters for all elements and a correlation index for
common analyzed elements were calculated in order to obtain theoverall feature of the two datasets. Scatter plots were utilized
to visualize differences between values of the biases between the two
datasets. Geochemical map compilation techniques were applied to
compare the differences of the element’s spatial pattern derived from
the two datasets. The software of GeoExpl (Xiang, 2005) developed
by the Development Research Center of the China Geological Survey
was used for statistical analyses and map compilation in this study.
3. Results and discussion
3.1. Comparison with elements determined
Composite samples were analyzed by IGGE for 71 elements. Due
to the lack of sufficient sample, Os, Ru, Rh, Ir and Re were not
analyzed. The FOREGS project provided less element information
because some key elements are not determined, such as precious
metals (Au, Pt, Pd), halogens (F, Cl, Br), dispersion elements (Se,
Ge), bio-available elements (N, B) and rare elements (Li) (Wang
et al., 2006; Liu et al., 2007).
3.2. Comparison with statistics
Statistics of average means, medians, standard deviations (SD),
and the percent reportable values were determined for all analyzed
elements and the results are listed in Table 2. The Percent of
Reportable values (PR) is defined as the rate between the number
of samples (N ), of which element determined value is above the
detection limit, divided by the total number of samples analyzed
(M ), PR Z (N/M )  100%. The correlation coefficient and the
average coefficient of variation (CVAVR(%))are also calculated.
Stanley and Lawie (2007) suggest that the average coefficient of
variation should be used as the universal measure of relative
precision error for evaluation of geochemical data. The average
coefficient of variation can be calculated from N pairs of dupli-
cated analysis data (Stanley and Lawie, 2007; Abzalov, 2008):
Figure 2 Scatter plots of pair determination data for elements without systematic errors.
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In this study, comparison of the data statistics and similarity of
the geochemical maps concurs with their suggestion. Values of the
average, median and standard deviation of the two datasets for
most elements are almost equal to each other, especially for
elements commonly analyzed by XRF. There are large differences
between the statistics values of some other elements such as Ag,
W, Bi, Hg, I, and S.
Average abundances of some elements, such as Ag, Au, Pt, Pd,
etc., in various materials have not been well established. There-
fore, the adequacy of analytical sensitivity can be initiallyestimated using the rate of reportable values. Methods with
insufficient sensitivity to produce reportable values for any given
element in at least 80% of the samples cannot be considered
satisfactory (Darnley et al., 1995). Table 2 shows that the detection
limits of the IGGE analytical methods for all elements do meet
this requirement, but the sensitivities of the FOREGS analytical
methods for W, Bi, I, Sn, Te and Be, are insufficient.
The adequacy of the analytical sensitivity can also be evaluated
by comparison of the median content of a particular element with
its detection limit. In the IGGE dataset, the median value of Mo is
0.59 mg kg1, and its half value is slightly less than the detection
limit of 0.3 mg kg1. In the FOREGS dataset, half values of the
median content for Sn, I, W, Bi, Be, and Te are below their
respective detection limits.
Figure 3 Scatter plots for slight biases existing between the two datasets.
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Reduction of the between-laboratory bias to render the analyt-
ical data global comparable is the key issue for the geochemical
mapping sample analysis. The scatter diagram for the pair
determinations were prepared for the visual estimate of the
biases between the two datasets (Fig. 2). In the scatter diagrams
(Fig. 2), the data fall along a generally straight line of (the 45
diagonal) and show that there exist no systematic errors between
the two dataset for a total 23 elements, e.g. SiO2, Sr, Al2O3, Zr,
Ba, Fe2O3, Ti, Rb, Mn, Gd, CaO, Ga, Mg, P, Pb, Na2O, Y, Th,
As, U, Sc, Cr and Co. The data fall along a straight line but off
the diagonal for Ni, K2O, Tb, Pr, Cu, S, Sm, La, Ce, Nd, Eu, Ho,
Er, Tm, Tl, Yb, Lu, Ta, Nb, Hf, Y, and Dy (Fig. 3). Dataparametric leveling for these elements should be undertaken for
future global geochemical mapping compilation. Biases exist for
the lower range of values for V, Zn, and Hg, and the data points
do not fall on a straight line. More research on the analytical
method of determination for these elements is required. Fig. 4
shows that poor sensitivity of one or two analytical methods
causes obvious biases in values near their detection limits. Fig. 5
indicates that there is a significant bias for Ag values of the two
datasets.
The evaluation of accuracy of an analytical method is more
difficult than evaluation of bias between methods, because abso-
lute accuracy can be determined only by reference to the exact
elemental values in the compared samples, which is unknown.
However, the good correlation of the two datasets, particularly for
Figure 4 Scatter plots of elemental data with an obvious bias caused by difference in detection limits.
W. Yao et al. / Geoscience Frontiers 2(2) (2011) 247e259 255elements common analyzed by XRF, provides confidence in the
good accuracy of results obtained by two different parties. For
other methods, especially in the determination of Ag, Hg, and Sn,
insufficient information in the analysis report will make it
impossible to assess the accuracy of the particular method of
analysis.
3.4. Comparison with geochemical maps
Geochemical maps were compiled using the GeoExpl software
(Xiang, 2005). Contour line intervals are determined according to
the data accumulated frequency percentages: 0, 0.5, 1.2, 2, 3, 4.5,
8, 15, 25, 40, 60, 75, 85, 92, 95.5, 97, 98, 98.8, 99.5 and 100. The
geochemical maps of two datasets for each element use the same
scale which interval is calculated based the dataset of analytical
method with the lower detection limit. Representation of data
distribution is based on a Lambert Conformal projection with the
central meridian of 20.Figure 5 Scatter plot of Ag data from the two datasets. There is no
obvious relationship between the two datasets.This study found that the average coefficient of variation
(CVAVR(%)) can be used as an useful index to evaluate the simi-
larity of geochemical maps. According to the CVAVR, similarities
of geochemical maps can be divided into three categories:
identical similarity for CV < 15 (e.g., Fig. 6), normal similarity
for CV from 15 to 30 (e.g., Figs. 7 and 8), and poor similarity for
CV > 30 (e.g., Figs. 9e11). Based on this categorization,
geochemical maps generated from the two datasets, 41 of total 59
elements compared are identical, and 12 element maps have
normal similarity. Geochemical map pairs produced by the two
datasets for Sn, I, Hg, Bi, W, and Ag have poor similarity.
3.5. Comparison with analytical methods
Five techniques, WD-XRF, ICP-MS, ICP-AES, TOC and Hg
analyzer, were used by FOREGS laboratories for their analyses of
the subsoil samples. Seven techniques including XRF, ICP-MS,
ICP-AES, AFS, AES, VOL and COL, with a total of 14 analyt-
ical methods, were applied in IGGE laboratories for the deter-
mination of 71 composite element samples. Although differences
exist between sample preparation procedures of the two XRF
methods, the results obtained are in good agreement. The reason
is XRF methods can obtain accurate and consistent total deter-
minations for its analysis elements, especially those minerals
resistant to acid attack. Furthermore, a large number of reference
standards were used for XPF calibration construction. For
example, there are 130 certified reference standards, which
include IGGE’s GSS and GSD serial materials, used in the
FOREGS XRF method. Except for Te, the results of element
concentrations commonly determined by ICP-MS by the two
parties show good agreement with a correlation coefficient
between 0.86 and 0.98.
Figure 6 Geochemical maps of silica (%) based on analyses data from IGGE (left) and FOREGS (right).
W. Yao et al. / Geoscience Frontiers 2(2) (2011) 247e259256The results of the elements analyzed by diverse methods, e.g.
Ag, Hg, I, W and Sn, do not compare well. Fig. 5 shows no
obvious relationship between the two datasets for Ag. The
potential interference of polyatomic ions on Ag determination
cannot by effectively controlled. Consequently, seemingly
outdated emission spectrometer techniques have to be applied now
for Ag determination in geochemical mapping samples in China.Figure 7 Geochemical maps of copper (ppm) concentration baHowever, a comparison study by Xie et al. (2002) showed that Ag
data obtained by the emission spectrometer method can pass the
rigorous quality control checks.
Differences exist in the sample decomposition method of two
parties. The analytical procedures for geochemical mapping
samples should be reasonably simplified versions of standard
analytical procedures, because this will make methods easier to besed on analyses data from IGGE (left) and FOREGS (right).
Figure 8 Geochemical map of beryllium (ppm) based on analyses data from IGGE (left) and FOREGS (right).
Figure 9 Geochemical maps of iodine (ppm) based on analyses data from IGGE (left) and FOREGS (right).
W. Yao et al. / Geoscience Frontiers 2(2) (2011) 247e259 257accepted by laboratories worldwide. It is recognized that the
HFeHClO4eHNO3eHCl acid decomposition procedure is not
a complete digestion method for elements in some refractory
minerals, but its universal acceptance and expediency led us to
recommend its usage for trace and minor elements (Xie, 1995).
The FOREGS total dissolution method is more sophisticated than
the IGGE method. However, the biases between the two datasets
for the elements analyzed by these methods are relatively slight.4. Conclusions
It is evident that the analytical requirements of the global
geochemical mapping emphasized by Xie (1995) and the recom-
mendation of the blue book, final report of IGCP 259 (Darnley
et al., 1995), have worked well in practice. Analytical method
developments over the last decade allow the rapid, low cost
determination of global geochemical mapping samples for
Figure 10 Geochemical maps of mercury (ppm) based on analyses data from IGGE (left) and FOREGS (right).
Figure 11 Geochemical maps of silver (ppm) based on analyses data from IGGE (left) and FOREGS (right).
W. Yao et al. / Geoscience Frontiers 2(2) (2011) 247e259258virtually the entire Periodic Table, apart from gases. This study
demonstrates that comparable analytical data of certain elements
can be achieved by different laboratories and at different mapping
stages. However, for all elements there still needs to be further
research on analytical method, especially with respect to quality
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